A method for investigation of the diets of sheep and kangaroos by identifying plant particles in their faeces has been successfully tested by: (1) identifying plant particles in faeces of animals fed a chaff of known composition; (2) comparing the proportions of different plants in the stomach and rectal faeces of shot animals. The method proved suitable for comparison of the relative proportions of plants eaten by different species, assuming that their digestive processes are similar, but not for determination of the absolute proportions of different plants in the diet of a single species.
Introduction
Griffiths and Barker (1966) showed that sheep and kangaroos, both the grey, Macropus giganteus Shaw, and the red, Megaleia rufa (Desmarest), grazing together in a paddock in south-western Queensland, showed sufficient differences in their food preferences to justify the conclusion that the three kinds of animal and the plants of their environment constituted, in Tansley's (1935) sense, an ecosystem. At the time of that study (January 1963 -January 1964 ) the rainfall equalled the annual average of 15 in. (38 cm) for the property and as far as the grazing industry of the district was concerned it was a 'good' year. The pastures exhibited a large number of different forbs* and grasses so that sheep and kangaroos could exert their food preferences if they wanted to. However, in drought it is quite likely that the ecosystem might break down simply because a decrease in the number of species of plants and quantity of dry matter available might force sheep and kangaroos to abandon preferences and to eat the same plants. To test this, the study has been repeated, commencing at the tail-end of the very severe drought of 1965-67 and continuing until June 1968. After February 1967 the drought broke and a variety of plants was again available. The study was continued to test the earlier findings; we had been fortunate enough to get samples from sheep and kangaroos, and samples of plants from the study area, before the drought broke.
There was a very important difference from the previous study: hardly any kangaroos could be found in the area, owing, doubtless, to the effects of the drought and to persistent shooting for the meat and skin industry.* This meant that the method of determination of the diet eaten by examination of stomach contents, as carried out in the previous study, could not be used since further shooting might eliminate the population altogether. Consequently we decided to try to determine what was eaten by examination of faeces. This paper describes the method, tests its validity, and gives the results we obtained by its use. 
Habitat
The study area was a 3943-acre paddock in semiarid country at Gilruth Plains, near Cunnamulla, south-west Queensland, as described by Griffiths and Barker (1966) . At the beginning of that study good rain had fallen and the paddock yielded 178 different species of plants. At the beginning of the present study, in February 1967, 2.7 in. (6.9 cm) of rain had fallen during the previous 54-months (Fig. I) , temperatures had been extremely hot during December, January and February (Fig. I) , and only 22 plant species which one could describe as possible food for kangaroos and sheep were detectable. In fact, the drought was so severe that the leaves were dropping from the mulga trees. However, rain fell in March and May 1967 ( Fig. 1) and thereafter many more species of plants were available.
It was considered likely that during drought kangaroos and sheep would eat substantially the same diet, so some idea of the availability of various plants was desirable. In the previous study determination of availability was not imperative since the different species of animal ate such different plants; so that factors other than * There were very few kangaroos in the area throughout the study, and apparently numbers have remained low, since few grey and no red kangaroos could be sighted during a survey made in November 1972. availability must have been operating. In addition to the concept of availability (as presence or absence of a plant in the pasture) it was also considered desirable to have a rough idea of the quality of what was available; since dietary protein may well be a limiting factor for both kangaroos and sheep, nitrogen contents of plant species were determined throughout the study.
Both red and grey kangaroos were present in the paddock but in unknown numbers; the sheep varied from about 15 Peppin merino ewes to 200 ewes and 80 lambs, all of various ages.
Methods

Plants
Samples were taken at 2-monthly intervals during 1967, and in March and June 1968. Each time, samples of plants that were easily collected were taken from the same 10 areas in the paddock. Several plant associations were represented: Acacia aneura-Eucalyptus populnea; Triodia rnitchelliEucalyptus rnelanoxylon; Acacia aneura-Eremophila longijolia and an Astrebla disclimax on black soil. No attempt was made to collect every single species present, but only those that were readily available and thus were most likely to be found and eaten.
All samples of a species taken at the same time, from all 10 areas, were pooled for analysis (Table 1) .
Nitrogen was determined, in duplicate, in Kjeldahl digests of milled dried herbage by the microdiffusion method of Conway (1957) . Only those parts of the plants that we thought the animals would eat were used.
Faeces
Faeces were collected at the same intervals as the plant samples. On each day of a sampling period known camps of kangaroos or their pads along fences, etc., were visited and fresh faeces only were collected into paper bags. A day's collection (half to full 3-lb (1.4-kg) paper bag) is termed one sample, thus collections made on five separate days would constitute five samples. The number and size of individual pellets varied greatly and the number of animals contributing to each sample was unknown. The kangaroo faeces for the most part were those of grey kangaroos, but on four occasions small quantities characteristic of red kangaroos were collected. Caughley (1964) has given criteria for the distinction of the two species' faeces in this paddock and we are completely in agreement with his findings.
Mobs of sheep were followed and the faeces picked up as they were dropped. Each dried sample was treated in the same way as dried stomach contents were in the previous study, i.e. the plant particles were sieved to pass 60 mesh per in. (250 pm aperture) onto 120-mesh (125 pm aperture) and those retained on the latter were dehydrated in graded alcohols, cleared in xylol, and transferred from a well-stirred suspension in xylol to microscope slides. The particles were then mounted in Canada balsam.
The slides contained several thousands of particles of a size range which was the same for kangaroo and sheep preparations. They were examined under the microscope along randomly selected straight transects, by means of a Reichert Visopan apparatus. When a particle was identified it was scored; 400 identifications were made per preparation. Since many particles were unidentifiable sometimes over 2000 particles had to be scrutinized for 400 identifications.
The relative proportions of different identified particles in sheep preparations could then be compared with those in kangaroo preparations.
Faecal nitrogen was determined in duplicate in each sample of dried, milled faeces, by the same method as for plant nitrogen.
Validity of the Analysis
In the previous study, allowance was made for the different degrees of identifiability of the various species of plants, by use of factors based on the percentage of particles that could be identified in preparations of known plants. It was claimed, on this basis, that the method indicated the proportions by volume of the plants ingested. However, since that study it has been found that rates of identification of plant particles vary seasonally. Since we made no effort to make reference collections of all plants at every sampling time we have abandoned the use of these factors."
The method used here is intended only for determination of the relative abundance of the particles of a plant species in the faeces of one species of herbivore, for comparison with that in the faeces of another species of herbivore.
* This does not mean that comparison of the diets of sheep and kangaroos, described in the previous study, is invalid, because the same arithmetical procedures were applied to counts from both kangaroo and sheep preparations.
Pvoportion of Monocotyledons to Dicotyledons
The proportion by volume of monocotyledons (in this case, grasses) to dicotyledons (forbs) can be determined because we are able to identify all particles to this level. Thus scrutiny of 400 particles results in 400 identifications; if 50 of the particles were those of dicotyledons and the remaining 350 were those of monocotyledons, the proportion by volume of dicotyledons eaten wouid be 12.5%. Two known mixtures of monocotyledons and dicotyledons were prepared to test this. The procedure was as follows: a quantity of sieved particles of a known species of plant was placed in a centrifuge tube calibrated for volume and spun down at 4000 r.p.m. for 6 min in an MSE Medium centrifuge. At the end of centrifugation the volume was read and all particles were transferred to a beaker. This was repeated for six other species, so that the beaker contained a mixture of particles of seven species, each of known volume (since all the particles are in the same size range it is assumed that equal volumes contain equal numbers of particles, and vice versa). The contents of the beaker were well mixed, slides prepared by the method given above, and analysed as unknowns by one of us.
The volumetric composition, in millilitres, of the two test mixtures was: The amounts for mixture 2 were of a like degree of accuracy.
* If the ratio of dicotyledons to monocotyledons is calculated form these data it will be found that it will not correspond to the ratio given above; this is due to the differential identifiability of the plant species, already discussed.
Comparison of Sheep and Kangaroos Fed a Known Diet
The validity of comparing what was eaten by examination of particles from faeces was checked by a feeding experiment. Plants were cut in the study area paddock, stored separately, and brought to Canberra within 3 days of cutting. They were chaffed separately on arrival and a mixture, roughly by volume, was made up as follows : At the first mixing, the Amphipogon rolled up into hemp-like balls which had to be laboriously teased out by hand, after which the whole mixture was dried at 100°F (38°C) for 24 hr and pulverized in a hammer mill (0.63-cm screen) into a reasonably homogeneous mixture. This proved fine enough to prevent the animals selecting individual items. The proportions by volume were thought to be only approximate since the 'chaff' from Portulaca was a wet mush very different from the hard resinous product from the spinifex Triodia. However, 400 identifications in each of 10 samples showed a mean count of 1 9 9 i 9 .O monocotyledon particles and 201 5 9 S O dicotyledon particles, i.e. 50% each of mono-and dicotyledons.
Erernophila Kochia Malvaceae Portulaca Arnphipogon Therneda Triodia Fig. 2 . Relative proportions of seven plants found in the chaff diet ( C ) and in the faeces of twc grey kangaroos (K) and two sheep (S). Seven discrete but contiguous collections were made for 7 days from one sheep (a total of 2800 particles identified), five from the other sheep (2000 identifications), and seven from each of the kangaroos (5600 identifications); the proportions of different plants were determined in eight samples of the diet (3200 identifications).
This chaff was offered to two grey kangaroos and two sheep housed in metabolism cages. Three of them began to eat it on the fourth day, and the other (a sheep) on the sixth day; the entire daily output of faeces was collected for 7 and 5 days respectively. The results of identifications in preparations of chaff and faeces are shown in Fig. 2 . From this it is apparent that the faeces of the sheep and the kangaroos contained the same proportions of identifiable plant particles; in other words, differences in digestibility between animal species were not detectable. Therefore, if the intakes of such plants were markedly different in the two species of animal in the paddock, those differences would be detectable from the counts of identified particles of the plants in their faeces. However, Amphipogon was apparently much less identifiable in faeces of both species than in chaff, while Malvaceae and Portulaca were more identifiable (see below). That differential digestibility between animals was not operating is also supported by the results of straight counts of monocotyledons and dicotyledons in the preparations of faeces. It will be recalled that the chaff contained 50% monocotyledons; 5 1 % of monocotyledons was found in 13 analyses of sheep faeces and 48.5 % in 14 analyses of kangaroo faeces.
Further evidence came from determination of the relative proportions of different species of plants in the stomach and rectum of the same animal shot in the field. At the beginning of the study five grey kangaroos were shot in one week, and at this time seven sheep were also killed. At the end of the study seven grey kangaroos and five sheep were sampled, giving a total of 12 of each. The results are summarized in Figs 3 and 4; from these it is apparent that there is fair agreement between stomach and faeces in the proportions of plant particles found; allowing for the probability that material in the faeces was eaten 2-3 days before that in the stomach (see McIntosh (1966) for data on rate of passage) it is very good agreement. The conclusion is again justified that differences in digestibility between the two animal species in the study area are not detectable.
DzfSerential Digestibility of Plant Species
The determination of the diets of herbivores by identification of plant remains in faeces, or in stomachs for that matter, is not always reliable; a lot depends on the nature of the plants ingested. For example one of us (R.B.), during a study of the plants ingested into the stomach of the Tasmanian native hen, Tribonyx mortierii, found that the wet mushy plants eaten largely lacked the characters necessary for reliable identification. Slater and Jones (1971) found that the remains of certain legumes, ingested by cattle and detectable in oesophageal fistulas, could not be detected in the faeces. Mrs Janice Marshall of the Riverina Laboratory of CSIRO (personal communication) found that our technique of drying and grinding stomach contents removed the identifiable characters of lucerne ingested by sheep. That others (Ealey and Main 1967; Stewart 1967; Field 1968; Sparks and Malechek 1968;  S R F S R F S R F S R F Storr 1968; Bailey et al. 1971) as well as ourselves have found that such methods are reasonably reliable may be ascribed to the robust nature of the plants found in arid and semiarid environments. These plants are sclerophylls, or contain various shaped bodies and hairs composed of silica, or are lignified; even a relatively mushy plant like Portulaca oleracea grown in an arid climate is robust enough to retain identifiable characteristics. In fact, a greater proportion of Portulaca could be identified in the faeces of our kangaroos and sheep than in the chaff before ingestion. This could have been due to undetected selection of this item but the almost identical ratios of monocotyledons to dicotyledons in the chaff and in the faeces of both species makes this seem unlikely. At all events this mushy plant, as grown at Cunnamulla, can be identified in faeces.
Results
Proportion of Monocotyledons to Dicotyledons
Throughout the study grey kangaroos consistently ate proportionately far more monocotyledons (in this context, grasses) than the sheep did. This difference between the diets was most marked in February 1967 at the tail-end of the drought and after a prolonged spell of very hot weather. At this time the diet of the kangaroos consisted of 73% grass and 27% dicotyledons (forbs) while that of the sheep was 33% grass and 67% forbs (Fig. 5) . From the data in Table 1 sheep (e).
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in the pasture plants was 0.75 g/100g in monocotyledons and 2.09 g/100g in dicotyledons. In fact, throughout the time of the study the dicotyledons contained far more nitrogen than the monocotyledons. Since kangaroos do not eat more than sheep (Griffiths and Barker 1966) it is suggested that they must have ingested much less nitrogen. The difference in quality of intake was reflected in the nitrogen content of the faeces throughout the study period (Fig. 6) ; apparently the simple procedure of analysis for nitrogen in faeces gives an index of the nitrogen content in the diet for these species in this habitat. 
Proportions of IdentiJiable Plants
When the identity and relative proportions of the plants eaten by the grey kangaroos and the sheep are considered, marked differences in the diets are again apparent, as shown in detail in Tables 2 and 3 and Fig. 7 . The relative proportions and frequencies of occurrence in faeces of certain major food plants are given in Table 4 . In Fig. 7 the factors employed in the 1963-64 study, allowing for differences in identity rate, have been used only to make comparison with the results of that study possible. From these data it is apparent that in drought grey kangaroos ate large amounts of soft spinifex (Triodia), kangaroo grass (Themeda), and three-awned spear grass (Aristida spp.) whereas the sheep ate hardly any of these. On the other hand, sheep ate considerable amounts of berrigan (Eremophila longifolia), Malvaceae, and mulga (Acacia aneura), but these were practically absent in the kangaroos; Kochia tomentosa was eaten by both species but much more by sheep than kangaroos, and the former continued to eat far more of it for the rest of the study period. From Tables 2 and 3 and Fig. 7 it is also apparent, as one would expect from the monocotyledondicotyledon ratios already discussed, that kangaroos ate far more Amphipogon caricinus, Eragrostis spp., Eriachne spp., Themeda australis, Triodia mitchelli, Danthonia bipartita, Digitaria spp. and Enneapogon spp. than sheep did throughout the whole study period. Instead, the sheep ate large quantities of Malvaceae and Eremophila spp., and smaller quantities of mulga, which items hardly contributed to the sustenance of grey kangaroos at all. However, one family of dicotyledons, the Compositae, was favoured more by grey kangaroos than by sheep. Comparison with 1963-64 When one compares the results summarized in Fig. 7 with those in fig. 8 of Griffiths and Barker (1966) , some of the differences between the diets of grey kangaroos and sheep appear in both: Malvaceae, mulga, Eremophila spp. and Kochia tomentosa were consumed in far greater quantities by sheep than by kangaroos; but one difference is that Amphipogon caricinus and Triodia mitchelli made greater contributions to the diet of sheep in 1963-64 than in 1967-68. This may have been due to the heavier and more evenly distributed rainfall during the first study, which kept tough sclerophyll grasses like Amphipogon green and attractive to sheep for longer than during a drought, when Amphipogon stands as hard bunches of browned-off herbage.
The little we could find about the diet of red kangaroos is included in Tables 2  and 4 . In this district at that time they must have been close to extinction; as in 1963-64, Malvaceae, mulga and berrigan scarcely contributed to their sustenance and (in August 1967, the only occasion on which a substantial sample was taken) they ate far greater quantities of Kochia tomentosa than the greys did. This is in agreement with the findings of the 1963-64 study. 1967A 1967 1967 Aug. Aug. 1967 1967 1968B 1967 1967 Agrostis * Combined rectal and field faeces.
Discussion
The results of this study confirm those of the previous one (Griffiths and Barker 1966); grey kangaroos and sheep in mulga-box country in south-western Queensland have specific food preferences at any one time, and even in severe drought the two species continue to eat very different plants in spite of a marked reduction in the number of plant species to choose from. The grey kangaroos continued to be predominantly grass-eaters and the sheep largely forb-eaters.
The 1963-64 finding that the dicotyledons in the paddock had a far greater nitrogen content than the monocotyledons has been confirmed in results of the present, more extensive, study. Bailey et al. (1971) remark that at Tero Creek, N.S.W., which is arid country, the dicotyledons generally had higher nitrogen levels than the grasses; from the extensive studies of Ealey and Main (1967) it is apparent that the dicotyledons of arid north-western Australia also do so. Likewise, Siebert et al. Ealey and Main 1967; Siebert et al. 1968 ) have been observed again in the present study. The reasons for these fluctuations, especially in maximum values, are not clear; Wilson et al. (1969) suggest that high protein contents are associated with growth during the cooler months of the year; Ealey and Main (1967) state that rainfall induces a quick growth of new shoots 'that are usually high in protein content'. Perhaps the high values we detected in June 1968 could be attributed to the operation of both factors; 3.5 in. (8-9 cm) rain fell in May and the weather in June is cool. The suggestion that grey kangaroos ingest less nitrogen than sheep do because they prefer to eat monocotyledons is supported by research on the nitrogen requirements of another large macropodid, the euro (Brown and Main 1967) . Apart from an intrinsic metabolic capacity to'get along on a low nitrogen intake, grey kangaroos may also be able to conserve it by using the soluble carbohydrate in their food as an energy source, and avoiding the need to deaminate protein for this purpose. Bailey et al. (1971) found that some grasses eaten by red kangaroos had very low nitrogen and very high soluble carbohydrate contents. Presumably the latter is immediately available as an energy source.
Finally, we should like to point out that, despite differences of method, all studies of the diets of macropodids and sheep* or cattle grazing together (Griffiths and Barker 1966; Chippendale 1968; Storr 1968; Bailey et al. 1971 ; Newsome 1971 ; and the present study) lead to the same conclusion: large macropodids (kangaroos and euros) compete minimally with sheep and cattle both in a qualitative and quantitative sense.
